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Abstract.

This paper analyses the viabilty of a new
microcogeneration system with a Stirling engineellas
micro-CHP (combined heat and power) and renewable
solar energy: thermal and photovoltaic system debto
supply the energy demand of an isolated home. G r
sizing of solar energy systems should allow optingz
both the available solar resources and gas congampt
for one specific climatological conditions.

The present work shows the first results of the
experimental study of a micro-cogeneration system
(micro-CHP based on the Stirling motor) supporteth w
renewable energy. The system of self-governmengérsov
the theoretical daily consumption of a house.

In this results, the different contributions of the
subsystems to the daily thermal and electric denzard
displayed.

Key words

Microcogeneration, solar

photovoltaic system.

stirling  engine, energy,

1. Introduction

Nowadays sustainable energy policies are reducing
energy consumption in buildings and producing the
required energy in a more efficient way than fevarge
ago. Moreover, the reduction of costs of solar gyer
systems, especially significant in photovoltaic tegss,
allow cost effective alternatives to conventionakmyy
systems.

There are technologies such as micro-cogenerativoohw
have been improving during the last years, sine@iks
with many functional and economic advantages oler t
conventional kinds of production.

Stirling engine based micro-CHP devices have been
analysed during last years and are becoming aisolut
for supplying heating, domestic hot water (DHW) and
electrical power such as I. Gonzalez-Pino et aichaled
[1,2]. Valenti and Silva [3] compared the alone mic
CHP unit in an experimental and numerical analysfes
the device. Improving the performance of a microFCH
device is related with keeping a constant heat dema
since when electricity is produced you can take
advantage of the heat that is also being produ¢kedrd
that is why “District Heating” is a trend as stutdliby
Emmanouil Malliotakis et al. [5]. In application émergy
production, Karmacharya and Putrus [6] go furtheai
simulation with multiple micro-generators: a midcetP
device supported with a wind turbine and a photaiol
panel.

The proposal system has stirling engine like ngveit
cogeneration systems combined with renewable energy
Without this engine, there are many studies about
cogeneration. “Trigeneration for domestic purposes
isolated areas based on hybrid RES” L. Acevedd. §T]a

is an analysis about this systems published in
International Conference on Renewable Energies and
Power Quality (ICREPQ'17). With focus in rural
applications Jan Iwaszkiewicz et al. published “ A
practical approach to the cogeneration system doal r
appliances” [8]. Similar focus tan this work hase th
article “Design and operation of a local cogenerati
plant supplying a multi-family house” published b
Fernandez et al. [9] in this case for 9.5 kW eleatrand

35 kW thermic power. Cogeneration system with trarm
engine and photovoltaic was analysed by M. Doni@} [

in Fuel consumption minimization of a cogeneration
system multi machines associated with a photowltai



2. Experimental facilities

The laboratory of cogeneration in Malaga Univer
(Fig. 1, 2) has three systerfar energy production ar

storage system.

Fig. 1. Laboratory of Cogeneratit

and direction as well as the photovoltaic moc
temperature.

A control system based ira PLC Mitsubishi model
LO2CPUP with an interface GT25-VTBA commands
the whole system andhanage the production and the
activation ofthe loads according to a provided flowcl,
this allows simulate any demand profile in eleetiicr
thermal energyThe operating data of all the systems
real time are recordedn Fig.3 th¢ diagram of the
expermental system is shov

Table 1. Technical characteristics of the sy:

Stirling micro-CHP

Model Whispergen EU1
Engine 4 Cylinders double acting
Stirling cycle
Electrical output Up to 1 kW
Thermal output Up to 7 kW
Fuel consumption 1.55 ni/h
Solar thermal system
Collector model Chromagen
Collector area 3.54 nt
Recommended flow 45 I/h-nf
Maximum pressure 10 bar
Storage tank capacity 300 |

Electronic DC/AC control

Inverter model

Ingeteam Sun Storage 1play

The micro-cogeneration consists ofWhispergen EU:
Stirling micro-CHP unit. A solar thermal system w
two solar collectorand one 300 L associated stor:
tank. The solar collectors are installed in a pekalrcuit
to the Stirling hot water productiorOne thotovoltaic
systems of 3.0 kWp peak power wih electrical storag
of 48V lithium-ion battery and 10 kWaf capacity. The
entire electrical system is controlled by a phottaio
inverterSun Storage 1play 3TL. The electrical part of
micro-CHP unit is also connected to the inver

Fig.2. View ofthe Photovoltaic modules athermal
collectors

It is also able to connect to the grid and hasStiing as
auxiliary electric source.

The technical characteristics of the systems
summarized in table 1.

A weather station measures real tio&ta of the sole
irradiation, ambient temperature, humidity, windesg

3TL

Storage system connect

Voltage rank 48-300 V

Maximum charge/discharge 50 A
Photovoltaic connectic

Voltage rank 300-450 V

Maximum intensity 20 A
Consumption connectic

Maximum permanent power 3000 W

Maximum intensity 13A

Performanc
Maximum efficiency 95.5 %
Euroefficiency 95 %

Accumulation system

Battery Model

LG Chem Resu 10 Li-lo

Nominal Voltage 51.8V
Voltage Range 42.0-58.8 V
Usable Energy 8.8 kWh
Capacity 189 Ah
Photovoltaic system

Nominal peak power 3000 Wp
Nominal power of the modules 245 Wp
Module efficiency 15.04 %
Intensity of maximum power 8.33A
Voltage of maximum power 29.37V

Stirling micro-CHP

Model Whispergen EUL
Engine 4 Cylinders double acting
Stirling cycle
Electrical output Up to 1 kW
Thermal output Up to 7 kW
Fuel consumption 1.55 ni/h
Solar thermal system
Collector model Chromagen
Collector area 3.54 nf
Recommended flow 45 1/h-nt
Maximum pressure 10 bar
Storage tank capacity 3001

Electronic DC/AC control

Inverter model
Storage system connect

Ingeteam Sun Storage 1play
3TL

Voltage rank 48-300 V

Maximum charge/discharge 50 A
Photovoltaic connectic

Voltage rank 300-450 V

Maximum intensity 20A
Consumption connectit

Maximum permanent power 3000 W

Maximum intensity 13A

Performanc
Maximum efficiency 95.5 %
Euroefficiency 95 %

Accumulation system

Battery Model

LG Chem Resu 10 Li-lo

Nominal Voltage 51.8V
Voltage Range 42.0-58.8 V
Usable Energy 8.8 kWh
Capacity 189 Ah
Photovoltaic_system

Nominal peak power 3000 Wp
Modules nominal power 245 Wp
Module efficiency 15.04 %
Intensity of maximum power 8.33A
Voltage of maximum power 29.37V




The system works according to an eithed flowchart
This flowchart allows optimizinghe use of renewab
sources and save gas consumption. In thay, the
micro-CHP is an auxiliary source fdaoth thermal an
photovoltaic system.
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Fig.3 Diagram of thexperimental syste

3. Result and discussion

This work showsthe results of the operation of t
system described above for a sunny day (10/26/1fh)
an average di temperature of 18.7 ‘ and a daily
irradiance of 6.7 kWh/f

Fig. 4 shows the theoretit and experimental hour
electricity consumptionBy theoretical consumptiorit

indicates the consaption programmed in the system ¢
the experimental consumption is the reahsumption of
the system on this dayA good agreement between bt
represented values is observethe daiy electricity
demand was 17.5 kWh.

Electrical consumption
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Fig.4. Daily electrical load profile

Fig.5 shows the daily electrical energy balance of
system. As can be observed, durisgnny hours the
consumption is covered directly by the photovol
system. If the PV production is greater than

consumption, the remaining energy charges the risgt
and discharges them in the opposite case. Whel
battery reaches its maximum state of ch, the inverter
regulates the point of maximum power of

photovoltaic generator to adapt the production e
required consumptioffrom 12:00 to 17:0 in this case).
According to the irradiation received, the expec

photovoltaic output was 15.9 kWHowever, the daily
production has been only 11.1 kWh. This means
30% of the solar resourteas not beeexploited.

Hourly electrical energy balance
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Fig. 5. Hourly electrical energy balan

On the other handif the battery reaches its minimt
state of charge and the photovoltsystem is not able to
meet the demand, then the m-CHP is started (from
23:00 to 6:00) In this cas, the micro-CHP supplies
electrical energy to the syst until the battery reaches a
state of charge of 80%nd also produce correspond
thermal energy.The micr-CHP will then cease its
production if the hot water demand is also satil.
Negative batterywalues mean that the battery is be
dischargednd positive ones represent the ch.

Table Il. Daily electrical energy balar

To consumption To Battery
Photovoltaic 8¢ % 11 %
Stirling 21% 79 %
Consumption
Photovoltaic Stirling Battery
53 % 6 % 41 %

Table Il summarizes the daily energy flows of !
system. Aghe table also sho, the photovoltaic system
has directly covered 53% of the consumption, witike
Stirling has been used mai to charge the battery. This
system has only directly supplied 6% of the congiiong
The photovoltaienergy supplie directly to the load has
been 89%.

According to the diagram of figure 3, all the thah
energy produced by both systems is accumulatetid
thermal reservoirin this way, the micl-CHP starts when
the solar panels are not able to cover the thederaand
If the temperature ofthe thermal tank reaches
maximum value and the mic-CHP is on, for electric
necessities, than coils start to dissipathermal energy
independently of the established thermal consumj
profile. As consequence, the programmed
experimental thenal demand curve present import
discrepanies as can be seen in Fi. However, daily
consumption has been lower than expe. The
scheduled daily thermal consumption was 57 kWhen
the system has supplied 52 k. This happens due to a
protection tha restricts thermal consumption when
thermal reservoir is under 30°C, in ordeprovide user’s
comfort.



Thermal consumption
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Fig.6. Daily thermal load profi

Table 11l. Daily thermal energy balance

Generated
Collectors 17 %
Stirling 83 %
Use
Consumption 92 %
Accumulation 8 %

Fig.7 shows the daily thermatnergy balance of tt
system where it can be seen that the contribution of
thermal collectors is far less relevant as theliggirunit
(17% of the first versus 83% of the second fromttital
generated energy, see Table Ill). Of this generatezigy,
the 92% has been usedsiopply the thermal loads and t
remaining 8% has been accumulated (see TableA$l)it
has been mentioned before, the total thermal copsarr
is greater than the generation. Thus, the temperatithe
thermal reservoir logically decreasiesm 38,05 °C at the
beginning of the day to 32,02 °C at the

4. Conclusions

In this paper ifst operating data of a ne
microcogeneration system have besralyse. The study
also shows the compatibility between these syst
Stirling engine-based micr6HP (combined heat at
power) and renewable solar energy: thermal

photovoltaic system teupply the energy demand of
isolated home

The results displayeshow that it is possible to cover t

energy demand of a house withese combined ener

systems However, only more detailed operation sys

study in different climatic conditions wibe achievable to
determine the solar systemsptimal siz, in order to
maximize their use and thus minimize gas consump

The results show that while the size of the phdtai®

system seems adequate, for this demand profilecttin

covering 53% of the electricity consumption. Thdas

thermal system should be increaske tc it only covers
17% of the consumption. Furthermpiia both cases th

strategy implemented does not allow the maximumai

the solar resource, but it rice a high level ofrojation

Hourly Thermal Energy balance
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The main role of the storage's proper sizing (tlaiand
electrical) has been stated in order to ach
optimization in the system's operati

Fig.7. Hourly thermal energy balan

These results show the complexity of jointly coHing
the different systems teatisfy the energy demand in
isolated system.
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